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ABSTRACT AND LIST OF KEY WORDS

This document presents the postflight trajectory for the

Apollo/Saturn V AS-504 flight. Included is an analysis of

the powered flight trajectories and the orbital trajectories

of the launch vehicle as well as the expended S-IC and S-II

spent stage trajectories. Trajectory dependent parameters
are provided in earth-fixed launch site, launch vehicle navi-

gation and geographic polar coordinate systems. The time
history of the trajectory parameters for the launch vehicle

is presented from guidance reference release to 27,950 seconds.

Tables of engine cutoff, stage separation, parking orbit

insertion, intermediate orbit insertion, and escape orbit
injection conditions are included in this document. The

heliocentric parameters of the S-IVB/IU are given. Figures

of such parameters as altitude, surface and cross ranges, and
magnitudes of total velocity and acceleration as a function

of range time for the powered flight trajectories are presented.

The following is a list of key words for use in indexing this
document for data retrieval:

Apollo/Saturn V
AS -504

Postflight Trajectory

Powered Flight Trajectory
Orbital Trajectory

Spent Stage Trajectory

Escape Orbit Trajectory
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SECTION 1

SUMMARY AND INTRODUCTION

The Apollo/Saturn V AS-504 vehicle was launched from launch
Complex 39, Pad A at the Kennedy Space Center on March 3, 1969,
at II:00:00 A.M. Eastern Standard Time (Range Time Zero) at an
azimuth of 90 degrees east of north. Range time, which is
referenced to Range Time Zero, is used throughout this document
unless otherwise specified. Guidance Reference Release (GRR)
was established to have occurred at -16.97 seconds. At 13.3

seconds, a roll maneuver was initiated orienting the vehicle
to a flight azimuth of 72.0 degrees east of north.

The S-IC and S-II stages both performed below nominal. However,
iterative guidance compensated for this low performance by ex-
tending the S-IVB's burn time. This larger than nominal S-IVB
burn inserted the vehicle at 674.66 seconds into a near nominal
parking orbit at an altitude of 191.04 km (103.15 n mi) with a
total space-fixed velocity of 7,793.67 m/s (25,569.78 ft/s).
It should be noted that the maximum acceleration of the launch
vehicle, attained during S-IC boost, was 3.85 g's, which is
less than the specified 4 g limit. The vehicle remained in a
parking orbit for approximately three revolutions. During the
third revolution, at 14,889 seconds, after transposition and
docking, final separation of the LM and spacecraft from the
launch vehicle occurred at an altitude of 194.95 km (105.26
n mi) with a total space-fixed velocity of 7,792.30 m/s
(25,565.29 ft/s). Near the end of the third revolution, at
16,577.24 seconds, the first restart preparation of the S-IVB
stage began.

At 17,227.60 seconds, the vehicle was inserted into an inter-
mediate orbit at an altitude of 200.88 km (108.47 n mi) with
a total space-fixed velocity of 8,459.30 m/s (27,753.61 ft/s).
At 21,580.98 seconds_ the second S-IVB restart preparation was
initiated with restart occurring at 21,987.35 seconds. Thus
the vehicle remained in the intermediate orbit for approxi-
mately 4,760 seconds.

At 22,291.32 seconds, the vehicle was injected into an escape
orbit at an altitude of 2,281.56 km (1,231.94 n mi) with a
total space-fixed velocity of 9,637.73 m/s (31,619.85 ft/s).
The solar orbit attained by the S-IVB/IU differed considerably
from the predicted orbit due to the abnormal performance of the
S-IVB during the third burn. (See Figure 3-13.) A planned LH 2
dump and LOX dump did not occur. The APS motors were fired by
ground command which increased the velocity by 9.7 m/s (31.8
ft/s).

The impact location of the expended S-IC stage was determined
to be 30.18 degrees north latitude and 74.24 degrees west
longitude at 536.44 seconds. The impact location of the ex-
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SECTION 1 (Continued)

pended S-II stage was determined to be 31.46 degrees north
latitude and 34.04 degrees west longitude at 1,225.35 seconds.
Section 2 of this document defines the coordinate systems and
launch parameters used for the postflight trajectory analysis.

The postflight mass-point trajectory related parameters and
analytical procedures are presented in Sections 3, 4, and 5.
The trajectory is divided into seven phases:

a

b
C

d
e

f

g

Ascent phase,
Parking orbit phase,
Second burn phase,
Intermediate orbit phase,
Third burn phase,
Escape orbit phase,
Spent stage phase,

The ascent phase, covering the portion of flight from guidance
reference release to parking orbit insertion (674.66 seconds),
is discussed in Section 3. This trajectory was established
from data provided by external electrical tracking systems and
telemetered onboard data obtained from the ST-124M guidance
platform. External data were available from ODOP and C-band
radars.

The parking orbit phase, discussed in Section 4, covers the
portion of flight from orbital insertion to the first restart
of the S-lVB (17,147.2 seconds). The orbital trajectory was
established from data provided by external electrical tracking
system and onboard data provided by the ST-124M guidance plat-
form. External tracking data were provided by the C-band
radars of the Manned Space Flight Network.

The second burn phase, discussed in Section 3, covers the por-
tion of flight from S-IVB restart preparation to intermediate
orbit insertion (17,227.60 seconds). This trajectory was
established by integrating the telemetered onboard guidance
velocity data forward from an initial state vector.

The intermediate orbit phase, discussed in Section 4, covers
the portion of flight from intermediate orbit insertion to the
second restart of the S-IVB (21,987.35 seconds). This trajec-
tory was established from data provided by C-band radars and
the ST-124 M guidance platform.

The third burn phase, discussed in Section 3, covers the por-
tion of flight from S-IVB second restart preparation to escape
orbit injection (22,291.32 seconds). This trajectory was
established from data provided by a C-band radar and the tele-
metered onboard guidance velocity data.
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SECTION l (Continued)

The escape orbit phase, discussed in Section 4, covers the por-
tion of flight from escape orbit injection to 27,950 seconds.
This trajectory was established from data from C-band radars
in conjunction with telemetered guidance velocities.

The spent stage phase, discussed in Section 5, covers the tra-
jectories of the expended S-IC and S-II stages. These trajec-
tories are based on initial conditions obtained from the post-
flight trajectory at separation. The separation impulses for
both stages were used in the simulation.

Appendix A provides a detailed definition of the symbols,
nomenclature, and coordinate systems used throughout the
document.

Appendix B tabulates the time history of the trajectory
parameters in metric units.

Appendix C tabulates the time history of the trajectory
parameters in English units.
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SECTION 2

COORDINATE SYSTEMS AND LAUNCH PARAMETERS

The time history of Observed Mass Point Trajectory parameters
in both metric and English units is tabulated in Appendices B
and C, respectively. These tabulations are in earth-fixed
launch site, launch vehicle navigation, and geographic polar
coordinate systems. The earth-fixed launch site, geographic
polar, and launch vehicle navigation coordinate systems are
defined in Reference I, "Project Apollo Coordinate System
Standards," (PACSS) and are designated PACSSIO, PACSSI, and
PACSSI3, respectively. The trajectory symbols and terminology
used in this document are defined in Appendix A.

The Fischer Ellipsoid of 1960 (Reference 2) is used as the
representative model for the earth and its gravitational field.
All latitude and longitude coordinates are defined with respect
to this ellipsoid.

The geographic coordinates for Launch Complex 39, Pad A, at
the Kennedy Space Center are:

Geodetic Latitude
Longitude

28.608422 degrees north
80.604133 degrees west

The heights of the gimbal plane and center of gravity of the
launch vehicle above the reference ellipsoid are:

Gimbal Plane (Station I00)
C. G. at First Motion

32.0 m (105.0 ft)
59.5 m (195.2 ft)

The azimuth alignments are as follows:

Launch Azimuth
Flight Azimuth
ST-124M Platform Azimuth

90.0 degrees east of north
72.0 degrees east of north
72.0 degrees east of north
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SECTION 3

POWERED FLIGHT TRAJECTORY ANALYSIS

3.1 POWERED FLIGHT TRAJECTORY

3.1.1 Ascent Phase

A comparison of actual and nominal times for significant
flight events is presented in Table 3-I. The nominal times
for these events are taken from Reference 3.

The tracking stations and the vehicle ground track are shown
in Figure 3-I.

The actual altitude, surface range, and cross range are shown
in Figures 3-2 through 3-4, respectively, for the entire ascent
trajectory. The magnitude of the total space-fixed velocity
vector and the associated flight path angle are shown in
Figure 3-5. The magnitude of the total inertial acceleration

vector is shown in Figure 3-6. Mach number and dynamic pres-
sure are shown during the S-IC phase of the ascent trajectory
in Figure 3-7.

Various trajectory parameters, such as altitude, velocity, and
acceleration are given at selected significant event times in
Table 3-11.

Engine cutoff and stage separation conditions are given in
Tables 3-111 and 3-1V, respectively.

The ascent trajectory, from guidance reference release to
parking orbit insertion, is tabulated in Tables B-I through
B-Ill in metric units, and in Tables C-I through C-Ill in
English units. These tables present the trajectory in earth-
fixed launch site (PACSSIO), launch vehicle navigation
(PACSS13), and geographic polar (PACSSl) coordinate systems.
The definitions pertaining to the trajectory symbols and the
coordinate systems are given in Appendix A.

3.1.2 Second Burn Phase

A comparison of actual and nominal times for significant
flight events pertaining to the second burn phase is included
in Table 3-I.

The actual altitude is shown in Figure 3-8. The magnitude of
the total space-fixed velocity vector and the associated flight
path angle are shown in Figure 3-9. The magnitude of the total
inertial acceleration vector is shown in Figure 3-10. The
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3.1.2 (Continued)

maximum total inertial acceleration and earth-fixed velocity
are shown in Table 3-11.

The second burn trajectory, from the time of S-IVB restart
preparation to intermediate orbit insertion, is tabulated in
Tables B-V through B-VII in metric units, and in Tables C-V
through C-VII in English units. These tables present the
trajectory in earth-fixed launch site (PACSSIO), launch vehicle
navigation (PACSSI3), and geographic polar (PACSSI) coordinate
systems. The definitions pertaining to the trajectory symbols
and the coordinate systems are given in Appendix A.

3.1.3 Third Burn Phase

A comparison of actual and nominal times for significant
flight events pertaining to the third burn phase is included
in Table 3-I.

The actual altitude is shown in Figure 3-11. The magnitude
of the total space-fixed velocity vector and the associated
flight path angle are shown in Figure 3-12. The magnitude of
the total inertial acceleration vector is shown in Figure 3-13.
The maximum total inertial acceleration and earth-fixed ve-
locity are shown in Table 3-11.

The third burn trajectory, from the time of S-IVB second
restart preparation to escape orbit injection, is tabulated
in Tables B-IX through B-Xl in metric units, and in Tables
C-IX through C-XI in English units. These tables present the
trajectory in earth-fixed launch site (PACSSlO), launch vehicle
navigation (PACSSI3), and geographic polar (PACSSI) coordinate
systems. The definitions pertaining to the trajectory symbols
and the coordinate systems are given in Appendix A.

3.2 DATA SOURCES

3.2.1 Ascent Phase

Tracking data and telemetered guidance velocity data were
obtained during the period from first motion through parking
orbit insertion. The time periods for which tracking system
coverage was available are shown in Figure 3-14 and itemized
in Table 3-V. The geographic locations of the tracking sta-
tions and the ground track for the ascent phase trajectory are
shown in Figure 3-I. The antenna locations for the various
tracking systems and the vehicle center of gravity are shown
in Figure 3-15.
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3.2.1.1 ODOP

Data from the ODOPtracking system were available from 0 to
114 seconds. These data were received in reduced metric form
as position, velocity, and acceleration components. Compari-
sons between ODOPdata and the ascent trajectory were calculated
as position differences in PACSSIO. The differences in vertical
(XE), crossrange (YE), and downrange (ZE) components versus
time are shown in Figure 3-16. The maximum differences were
less than 5 m (16 ft) in the vertical component, 31 m (102 ft)
in the crossrange component, and 19 m (62 ft) in the downrange
component.

3.2.1.2 C-Band Radars

Considerable C-band tracking data were furnished by the sta-
tions located at Cape Kennedy, Patrick Air Force Base, Merritt
Island, Grand Bahama Island, Grand Turk Island, and Bermuda
Island. These tracking data were provided as measured param-
eters in azimuth angle, elevation angle, and slant range.
These measurements are defined in Reference 1 and designated
as PACSS3a.

Comparisons between these data and the ascent trajectory were
calculated in PACSS3a. The position components of the ascent
trajectory in PACSSIO were corrected for the differences be-
tween the center of gravity and the transponder location.
The corrected position components were transformed into the
measured parameters of PACSS3a. Differences or deviations
(tracking data minus corresponding parameters derived from
ascent trajectory) were calculated, smoothed, and plotted as
functions of time, and are Shown in Figures 3-17 through 3-19.
Excessive and erratic deviations are not shown.

Cape Kennedy (1.16) radar data from 1 to 456 seconds were
received. The azimuth and elevation angle measurements were
noisy throughout the time span of tracking. The azimuth angle
measurements deviated considerably from the ascent trajectory
at the beginning (I to 200 seconds) and during the later
portion (410 to 456 seconds) of tracking. The slant range
measurements contained little noise throughout the tracking
period. Between 200 and 410 seconds, all three measurements
agree favorably with the ascent trajectory with maximum devi-
ations of 0.013 degree in azimuth angle, 0.033 degree in
elevation angle, and 28 m (92 ft) in slant range.

Patrick (0.18) radar data from 21 to 266 seconds were received.
All three measurements were noisy throughout the time span of
tracking. The azimuth angle measurements deviated considerably
from the ascent trajectory up to about 155 seconds. Between
155 and 266 seconds, the azimuth angle measurements agree favor-
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3.2.1.2 (Continued)

ably with the trajectory with a maximum deviation of 0.02
degree. The elevation angle measurements deviated consider-
ably from the ascent trajectory throughout the time span of
tracking with deviations greater than 0.06 degree. The slant
range measurements agree favorably with the ascent trajectory
throughout the time span of tracking with a maximum deviation
of 32 m (105 ft).

Merritt Island (19.18) radar data from 0 to 540 seconds were
received. The azimuth angle measurements were erratic at the
beginning (0 to 180 seconds) and during the later portion
(495 to 540 seconds) of tracking. Between 180 and 495 seconds,
the azimuth angle measurements agree very well with the ascent
trajectory with deviations less than 0.01 degree. The eleva-
tion angle measurements were erratic at the beginning (0 to
165 seconds) and during the later portion (500 to 540 seconds)
of tracking. The deviation of elevation angle measurements
was 0.06 degree at 165 seconds and decreased to 0.005 degree
at 500 seconds. The slant range measurements contained little
noise throughout the tracking period. A discontinuity in
slant range measurements occurred at approximately 430 seconds
indicating a switch from beacon to skin tracking. The maximum
deviation in slant range measurement was 48 m (157 ft).

Grand Bahama (3.18) radar data from 93 to 513 seconds, with a
data gap from 280 to 330 seconds, were received. The data
were generally of good quality. In the time intervals of I00
to 270 seconds, and 335 to 455 seconds, the maximum deviations
were 0.010 degree in azimuth angle, 0.044 degree in elevation
angle, and 28 m (92 ft) in slant range.

Grand Turk (7.18) radar data from 236 to 584 seconds were
received. The azimuth and elevation angle measurements were
noisy and erratic throughout the time span of tracking. The
slant range measurements contained little noise throughout the
tracking period. The maximum deviation in azimuth angle was
0.01 degree. The deviation in elevation angle was 0.02 degree
at 275 seconds, decreased to -0.001 degree at 315 seconds, and
increased linearly to 0.06 degree at 505 seconds. The maximum
deviation in slant range was 116 m (381 ft).

Bermuda (67.16) radar data from 275 to 760 seconds were re-
ceived. The azimuth and elevation angle measurements were
noisy throughout the tracking period, and deviated consider-
ably from the trajectory in the time interval between 525 and
575 seconds. The slant range measurements contained little
noise throughout the tracking period. In the time intervals
of 340 to 525 seconds, and 575 to 700 seconds, all three
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3.2.1.2 (Continued)

measurements agree favorably with the trajectory with maximum
deviations of 0.02 degree in azimuth angle, 0.04 degree in
elevation angle, and 212 m (696 ft) in slant range.

Bermuda (67.18) radar data from 257 to 755 seconds were re-
ceived. The azimuth and elevation angle measurements were
noisy throughout the tracking period, and deviated considerably
from the trajectory in the time interval between 525 and 575
seconds. The slant range measurements contained little noise
throughout the tracking period. In the time intervals of 325
to 525 seconds, and 575 to 700 seconds, all three measurements
agree favorably with the trajectory with maximum deviations of
0.034 degree in azimuth angle, 0.039 degree in elevation angle,
and 192 m (630 ft) in slant range.

3.2.2 Second Burn Phase

Telemetered guidance velocity data covering the S-IVB second
burn period were obtained. Also, C-band radar tracking data
were obtained for a similar time period from stations located
at Patrick Air Force Base, Merritt Island, and Grand Bahama
Island. However, the Eastern Test Range found these C-band
radar data to be invalid and these tracking data were not used
for the trajectory determination. Analysis work also deter-
mined these tracking data invalidity by showing the data to be
incompatible with the second burn restart vector and the inter-
mediate orbit insertion vector determined by the Orbital Cor-
rection Program. Therefore, post-second burn orbital tracking
data, as incorporated in the intermediate orbit insertion
vector, together with the second burn telemetered guidance
velocity data provided the data sources for the second burn
phase of the trajectory.

3.2.3 Third Burn Phase

Tracking data and telemetered guidance velocity data covering
the S-IVB third burn period were obtained. The time period
for which tracking system coverage was available is shown in
Table 3-V.

Comparisons between the tracking data and the third burn tra-
jectory were calculated in the same manner as described in
Section 3.2.1.2, and are shown in Figure 3-20.

Carnarvon C-band radar data from 21,647 to 22,417 seconds were
received. The data were of good quality throughout the third
burn phase. However, after escape orbit injection (22,291.32
seconds) the elevation angle became too small for the radar
data to be valid. All three measurements agree favorably with
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3.2.3 (Continued)

the trajectory during third burn with maximum deviations of
0.013 degree in azimuth angle, 0.006 degree in elevation
angle, and 300 m (984 ft) in slant range.

3.3 TRAJECTORYDETERMINATION

3.3.1 Ascent Phase

The ascent trajectory from guidance reference release to
orbital insertion was established by a composite solution of
available tracking data and telemetered onboard guidance
velocity data.

Before the data were used in the trajectory solution, one or
more of the following processing steps was performed:

a. Inspecting for format and parity errors.
b. Time editing.
c. Data editing and filtering.
d. Refraction correction.
e. Reformatting.
f. Coordinate transformation.

The position components of the tracking point of the vehicle
in PACSSIO were established by merging the launch phase and
ascent phase trajectory segments.

The launch phase (from first motion to 22 seconds) was estab-
lished by integrating the telemetered body-fixed accelerometer
data, and verified by ODOPtracking data. The ascent phase
(from 22 seconds to parking orbit insertion at 674.66 seconds)
was based on a composite fit of external tracking data and
telemetered onboard guidance velocity data. A computer pro-
gram (GATE), which uses a guidance error model, was utilized.
The telemetered guidance velocity data were used as the gener-
ating parameter_and error coefficients were estimated to best
fit the tracking observations. The Kalman recursive method
was used for the estimation. The GATE program was also con-
strained to satisfy the insertion conditions that were obtained
by the Orbital Correction Program (OCP). Reference 4 gives a
theoretical discussion of the GATE program.

The GATE output data were then transformed to the vehicle
center of gravity.

The position components, in PACSSIO, were filtered and differ-
entiated to obtain vehicle velocity and acceleration components.
Since numerical differentiators tend to distort the data through
the transient areas (engine cutoffs), the guidance velocity
data were integrated and used to fill in these areas.

3-6



D5-15560-4

3.3.1 (Continued)

The trajectory data in PACSSIO were then transformed to sev-
eral coordinate systems. Various trajectory parameters were
also calculated and are presented in Appendices B and C.

In calculating the Mach number and dynamic pressure, measured
meteorological data were used up to an altitude of 73.00 km
(39.42 n mi). Above this altitude, the measured data were
merged into the U. S. Standard Reference Atmosphere.

3.3.2 Second Burn Phase

The second burn trajectory was obtained by integrating a
second burn restart vector forward utilizing telemetered
guidance velocities. The GATE program was used to solve for
the restart vector by using telemetered guidance velocity
data and the intermediate orbit insertion vector of
Section 4.3.2.

The position components, in PACSSIO, were filtered, differen-
tiated, shaped, and transformed in the same manner as de-
scribed in Section 3.3.1.

3.3.3 Third Burn Phase

The third burn trajectory was obtained by integrating a third
burn restart vector forward utilizing telemetered guidance
velocities. The GATE program was used to solve for the re-
start vector by using the telemetered guidance velocity
data and the tracking observations.

The position components, in PACSSIO, were filtered, differen-
tiated, shaped, and transformed in the same manner as de-
scribed in Section 3.3.1.

3.4 ERRORANALYSIS

3.4.1 Ascent Phase

An estimate of the total uncertainty of the ascent trajectory
can be obtained by examining the tracking data comparison
plots and utilizing the accuracy of the insertion point ob-
tained by orbital analysis.
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3.4.1 (Continued)

Comparisons of the metric data with the ascent trajectory are
shown in Figure 3-16. Comparisons of the measured parameter
data with the ascent trajectory are shown in Figures 3-17
through 3-19. These plots illustrate the dispersion and
scattering of the data.

The accuracy of the insertion point, established in Section
4.3.1 by the Orbital Correction Proqram COCP), was ±500 m
(±1,640 ft) in position components and 21.0 m/s (23.3 ft/s) in
velocity components referenced to the earth-fixed launch site
coordinate system (PACSSIO).

Based on the above information, an estimate of the total un-
certainty of the ascent trajectory was derived and plotted in
Figure 3-21. At S-IC OECO, the estimated uncertainties of
position and velocity components in PACSSIO are ±80 m (±262 ft)
and ±0.4 m/s (21.3 ft/s), respectively. At S-ll ECO, the
estimated uncertainties of position and velocity components
in PACSSlO are ±360 m (21,181 ft) and ±0.7 m/s (±2.6 ft/s)
respectively. The estimated uncertainties of position and
velocity components in PACSSIO are ±500 m (±1,640 ft) and 21.0
m/s (±3.3 ft/s), respectively, at S-IVB first ECO and orbital
insertion.

3.4.2 Second Burn Phase

The accuracy of the second burn trajectory is governed by the
accuracy of the intermediate orbit insertion vector, established
in Section 4.3.2 by the Orbital Correction Program. The total
uncertainties of the second burn trajectory are estimated to
be ±500 m (21,640 ft) in position components and ±I.0 m/s
(±3.3 ft/s) in velocity components referenced to the earth-
fixed launch site coordinate system (PACSSIO).

3.4.3 Third Burn Phase

Comparisons of the C-band radar measured parameters with the
third burn trajectory are shown in Figure 3-20. The azimuth
angle measurement agrees with the third burn trajectory to
within 0.013 degree while the elevation angle measurement
agrees to within 0.006 degree. The slant range measurements
agree with the third burn trajectory to within 300 m (984 ft).

The estimate of the total uncertainties of the third burn tra-
jectory is difficult to establish with any degree of confi-
dence due to coverage by a single C-band tracker during this
portion of flight. However, it is felt that a reasonable
estimate of uncertainties in position and velocity components
(PACSSIO) would be ±I km (±0.5 n mi) and ±3 m/s (210 ft/s)
respectively.
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TABLE 3-I. TIMES OF SIGNIFICANT EVENTS

EVENT

Guidance Reference Release

All Holddown Arms Released

Liftoff - Start of Timebase 1
Mach 1

Maximum Dynamic Pressure

S-IC Center Engine Cutoff

S-IC Outboard Engine Cutoff

S-IC/S-II Separation Command

S-II Engine Cutoff

S-II/S-IVB Separation Command
S-IVB Ist Engine Cutoff

Parking Orbit Insertion

S-IVB/Spacecraft Final
Separation
Begin S-IVB Restart
Preparation

S-lVB 2nd Engine Cutoff
Intermediate Orbit Insertion

Begin S-IVB 2nd Restart
Preparation

S-IVB 3rd Engine Cutoff

Escape Orbit Injection

RANGETIME, SEC

ACTUAL

-16.97

0.26
0.67

68.2

85.5

NOMINAL

-16.99

0.26

0.66

65.4

81.4
134

162

163
536

537

664

674

.34

.76

.45

.22

.18

.66

.66

14,889

16,577.24
17,217.60

17,227.60

21,580.98

22,281.32

22,291.32

134.27

159.96

160.68
531.16

531.96
648.73

658.72

14,983

16,571.94

17,212.34

17,222.34

21,574.92

22,275.33

22,285.33

ACT-NOM

0.02

0.00
0.01

2.8

4.1
0.07

2.80

2.77
5.06

5.22
15.93

15.94

-94

5.30

5.26

5.26

6.06

5.99

5.99
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TABLE 3-11. SIGNIFICANT TRAJECTORY PARAMETERS

EVENT PARAMETER VALUE

First Motlon Range Time, sec 0.26

mls 2 30.78
Total Inertial Ate'hilt/s2 ) (35.37)

Mach I Range Time, sec 68.2

Altitude, km 7.86

{n mi) (4.24)

Maximum Dynamic Pressure

Mawimum Total Inertial

Acceleration: S-[C

S-If

S-IVB Ist Burn

S-IVB 2nd Burn

S-IVB 3rd Burn

Maximum Earth-Fixed

Velocity: S-IC

S-If

S-IVB Ist Burn

S-|VB 2rid Burn

S-IVB 3rd Burn

Range Time, sec

Dynamic Pressure, n/cm 2

(Ib/ft 2 )

Altitude, km

(n mi)

Range Time, _ec

Acceleration, m/s2
(ft/s 2 )

(g)

Range Time, sec

Acceleration, m/s 2

(ft/s2)

Range Time, sec

Acceleration, m/s2
(ft/s 2 )

Range Time, sec

Acceleration, m/s 2
(ft/s 2 )

Range Time, sec

Acceleration, m/s 2
(ft/s 2 )

Range Time, sec

Velocity, m/s
(ft/s)

Range Time, sec

Velocity, m/s

(ft/s)

Range Time, sec

Velocity, m/s

(ft/s)

Range Time, sec

Velocity, m/s

(ft/s)

Range Time, sec

Velocity, m/s

(ftls)

85.5

3.020

(630.7)

13.76

(7,43)

162.84

37.72

(123.75)

(3.86)

536.31

lg.61

(64,34)

664.74

7.84

(25.72)

17,217.68

12.16

(39.90)

22,133.D0

16.58
(54.40)

163.45

2,388.99
{7,837.89)

536.45

6,535.25
(21,441.II)

674.66

7,390.30
(24,246.39)

17,218.20

8,056.65

(26,432.58)

22,283.50

9,120.68
(29,923.49)
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SECTION 4

ORBITAL TRAJECTORYANALYSIS

4.1 ORBITAL TRAJECTORIES

The S-IVB/CSM was inserted into a circular parking orbit at
674.66 seconds. The parking orbit insertion conditions were
close to nominal. The space-fixed velocity at insertion was
0.61 m/s (2.00 ft/s) greater than nominal. The eccentricity
was 0.00013 greater than nominal. The apogee and perigee were
1.26 km (0.68 n mi) greater than nominal and 0.49 km (0.27
n mi) less than nominal respectively. A separation and docking
maneuver occurred during the second revolution near Hawaii.
The final S-IVB/spacecraft separation occurred at 14,889
seconds. These separation conditions are given in Table 4-I.

The S-IVB stage was restarted at 17,147.20 seconds and the
vehicle was inserted into an intermediate orbit at 17,227.60
seconds. The intermediate orbit had an eccentricity of 0.18070.
The apogee and perigee were 3,095.76 km (1,671.58 n mi) and
195.85 km (105.75 n mi)_respectively.

The S-IVB third burn placed the vehicle on a conic that is
hyperbolic with respect to the earth. This escape orbit had
an eccentricity of 1.0179 and a C3 of 824,712 m2/s2 (8,877,126
ft2/s2).

The insertion conditions, as determined by the Orbital Correc-
tion Program (OCP), were obtained by a differential correction
procedure which adjusted the estimated insertion conditions to
fit the C-band radar tracking data in accordance with the
weights assigned to the data. After all available C-band radar
tracking data were analyzed, the stations and passes providing
the better quality data were used in the determination of
the insertion conditions. The orbital trajectories were ob-
tained by integrating forward at the desired time intervals
using the respective insertion vectors as the initial conditions.

4.2 ORBITAL DATA SOURCES

4.2.1 Orbital Tracking

Orbital tracking was conducted by the NASA Manned Space Flight
Network (MSFN). A summary of the C-band tracking data is given
in Table 4-11. There were also considerable Unified S-band
(USB) tracking data available during these periods of flight
which were not used due to the abundance of C-band radar data.

4-I
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4.2.2 Orbital Venting Acceleration Data

The parking and intermediate orbits were continuously perturbed
by low-level LH2 venting thrust. This perturbation was taken
into account to accurately model the orbits of the vehicle. The
venting model was derived from telemetered guidance velocity
data from the ST-124M guidance platform. The guidance velocity
data were fitted in segments by polynomials in time which were
analytically differentiated to obtain the acceleration compon-
ents. Tables 4-111 and 4-1V list the acceleration polynomials
derived by this method for the parking and intermediate orbits,
respectively, Figure 4-I (parking orbit) and Figure 4-2
(intermediate orbit) reflect the best estimate of the total
venting acceleration (RSS of components) after atmospheric
effects and biases have been removed.

4.3 TRAJECTORYANALYSES

4.3.1 Parking Orbit Insertion Conditions

The Orbital Correction Program (OCP) was used to solve for the
parking orbit insertion conditions utilizing C-band tracking
data and the above mentioned vent model. The insertion condi-
tions are given in Table 4-V. A family of values for the
insertion parameters was obtained depending upon the combina-
tion of data used and the weights applied to the data. The
reasonable solutions had a spread of ±500 m (±1,640 ft) in
position components and ±I.0 m/s (±3.3 ft/s) in velocity com-
ponents referenced to the earth-fixed launch site coordinate
system (PACSSIO). The parking orbit insertion conditions
determined independently from powered flight tracking lie
within this band of solutions. The ground track from liftoff
to escape orbit injection plus 5,650 seconds is given in
Figure 4-3. The parking orbit trajectory in PACSSI is given
in Tables B-IV and C-IV.

4.3,2 Intermediate Orbit Insertion Conditions

The Orbital Correction Program (OCP) was used to solve for the
intermediate orbit insertion conditions. The intermediate
insertion conditions are given in Table 4-VI. A family of
values for the insertion parameters was obtained depending
upon the combination of data used and the weights applied to
the data. The reasonable solutions had a spread of _50U m
(_1,640 ft) in position components and ±I.0 m/s (_3.3 ft/s)
in velocity components referenced to the earth-fixed launch
site coordinate system (PACSSIO). The intermediate orbit
trajectory in PACSSI is given in Tables B-VIII and C-VIII.
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4.3.3 Escape Orbit Injection Conditions

The third burn of the S-IVB placed the vehicle on an earth
escape trajectory. The escape orbit injection conditions were
determined by the GATE program. These injection conditions
are given in Table 4-VII. The velocity attained at injection
was 9,637.73 m/s (31,619.85 ft/s) which was 41.51 m/s (136.19
ft/s) greater than required for escape. The escape orbit tra-
jectory was obtained by integrating the injection conditions
to 27,950 seconds. A planned LH2 dump and LOX dump did not
occur. The APS engines were fired by ground command increasing
the velocity by 9.7 m/s (31.8 ft/s) as shown in Figure 4-4.
The heliocentric orbital elements of the S-IVB/IU are given in
Table 4-VIII. The escape orbit trajectory in PACSSl is given
in Tables B-Xll and C-XII. The Hawaii C-band data from 25,872
seconds to 26,958 seconds were received and aided in the
verification of the validity of the escape orbit trajectory.

4.4 ORBITAL TRACKING ANALYSIS

The stations used to obtain the parking orbit insertion condi-
tions and intermediate orbit insertion conditions are given by
Table 4-1X and Table 4-X, respectively. These two tables
also include the number of data points, and the Root-Mean-
Square (RMS) errors of the residuals for each data type.
These RMS errors represent the difference between the actual
radar observations and the calculated observations based on
the orbital ephemeris defined by the initial conditions. The
RMS residual errors include high frequency errors (assumed
Gaussian), systematic errors due to instrumentation biases,
mathematical model error, and errors in the correction for
atmospheric refraction.

The maximum RMS error of the radar residuals for the parking
orbit was 21 m (69 ft) in slant range, 0.015 degree in eleva-
tion angle, and 0.027 degree in azimuth angle. The maximum
RMS error of the radar residuals for the intermediate orbit
was 17 m (56 ft) in slant range, 0.016 degree in elevation
angle, and 0.010 in azimuth angle. Design specifications
indicate the expected high frequency errors of the measuring
systems are 3 m (I0 ft) in slant range and 0.005 degree in
angles for the TPQ-18 and FPQ-6 radars; 6 m (20 ft) in slant
range and 0.01 degree in angles for the FPS-16 radars.
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TABLE 4-I. S-IVB/SPACECRAFT FINAL SEPARATION CONDITIONS

PARAMETER

Range Time, sec

Altitude, km
(n mi)

Space-Fixed Velocity, m/s
(ft/s)

VALUE

14,889

194.95
(105.26)

7,792.30
(25,565.29)

Flight Path Angle, deg

Heading Angle, deg

Geodetic Latitude, deg

Longitude, deg E

0.028

60.313

-14.180

135.851
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TABLE 4-1V. INTERMEDIATE ORBIT VENTING ACCELERATION
POLYNOMIALS*

T b

T e

CO -0

C1 0

C2 -0

C3 0

C4 -0

C5 0

X**

17,242

19,228

30772284xi0 -5 -0

63242724xi0 -8 0

80363085xi0 -II -0

67970545x10 -14 0

32001005xi0 -17 -0

60286214xi0 -21 0

19,228

21,926

10356522x10 -6

-8
17226328xi0

-II
32972754xi0

-14
29359777xi0

11610920x10 -17

16888704x10 -21

Y

Tb 17,242

Te 17,728

CO -0. 10300000xl O-

C 1 0

C2 0

C3 0

C4 0

C5 0

T b 17,242

Te 19,128
-5

CO 0.12752810xi0 -0

C1 -0.82266923x10 -8 0
-lO

C2 0.17446872xi0 -0
-13

C3 -0.18927323x10 0
-17

C4 0.97794489x10 -0
-20

C5 -0.19041620x10 0

19,128

21,926
-669067646xi0
-8

18885239xi0
-II

36817812xi0
-14

32551231x10

-17
12820195xi0

-21
18820864xi0

*Polynomials are of the form a = Co+CIt+C2t2+C3t3+C4t4+C5 t5

where a is the acceleration component (km/s 2) and t=T-T b
where Tb_T<T e. The begin time (T b) and the end time (Te) for
the polynomial segments are expressed in seconds.

**The acceleration components are expressed in the launch
vehicle platform-accelerometer system (PACSSI2).
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TABLE 4-V. PARKING ORBIT INSERTION CONDITIONS

PARAMETER

Range Time, sec

Altitude, km
(n mi)

Space-Fixed Velocity, m/s
(ft/s)

VALUE

674.66

191 .04
(I03.15)

7,793.67
(25,569.78)

Flight Path Angle, deg

Heading Angle, deg

Inclination, deg

Descending Node, deg

Eccentricity

Apogee*, km
(n mi)

Perigee*, km
(n mi)

Period, min

Geodetic Latitude, deg N

Longitude, deg E

-0.0058

87.412

32.552

42.538

0.000149

186.57
(I00.74)

184.61
(99.68)

88.20

32.629

-55.166

* Based or a spherical earth of radius 6,378.165 km
(3,443.934 n mi)
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TABLE 4-VI. INTERMEDIATE ORBIT INSERTION CONDITIONS

PARAMETER

Range Time, sec

Altitude, km
(n mi)

Space-Fixed Velocity, m/s
(ft/s)

VALUE

17,227.60

200.88
(108.47)

8,459.30
(27,753.6l)

Flight Path Angle,

Heading Angle, deg

Inclination, deg

Descending Node, deg

Eccentricity

Apogee*, km
(n mi)

Perigee*, km
(n mi)

Period, min

Geodetic Latitude,

Longitude, deg E

deg

deg N

0.498

112.841

32.302

41.657

0.18070

3,095.76
(1,671.58)

195.85
(105.75)

119.22

23.622

-73.807

* Based on a spherical earth of radius 6,378.165 km
(3,443.934 n mi).
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TABLE 4-VII. ESCAPEORBIT INJECTION CONDITIONS

PARAMETER

Range Time, sec

Altitude, km
(n mi)

Space-Fixed Velocity, m/s
(ft/s)

VALUE

22,291.32

2,281.56
(1,231.94)

9,637.73
(31,619.85)

Flight

Heading

Eccentricity

C3 , m2/s 2

(ft2/s 2 )

Path Angle,

Angl e, deg

deg -0.678

56.555

1.0179

824,712

Inclination, deg

Descending Node, deg

Geodetic Latitude, deg

Longitude, deg E

(8,877,126)

33.825

41.623

5.409

136.500
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TABLE 4-VIII. HELIOCENTRIC ORBIT PARAMETERS

PARAMETER VALUE

Semimajor Axis, km
(n mi)

Radius of Aphelion, km
(n mi)

Radius of Perihelion, km

(n mi)

138,620,1 50
(74,848,893)

148,678,656
(80,280,052)

128,561,640
(69,417,732)

Eccentri city

Inclination,

Period, days

deg

0.07256

24.390

325.8
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TABLE 4-1X. PARKING ORBIT TRACKING UTILIZATION SUMMARY

TIME OF TRACK VALID RMS ERROR OF

STAIION (SECONDS) DATA IYPF O_SEPVATIONS RESIDUALS

B[GI_ END

678 750Bermuda

(FPS-16M)

Bermuda

(FPO-6)

Carnarvon

(FPQ-6)

Merritt Island

(TPQ-18)

Carnarvon

(FPQ-6)

Bermuda

(FPS-16M)

Ascension

(TPQ-18)

Carnarvon

(FPQ-6)

White Sands

(FPS-16M)

67_ 696

3,240 3,420

5,808 6,060

8,820 9,048

11,580 II,B56

12,594 12,744

14,376 14,676

16,614 16,920

Azimuth Angle

Elevation Angle

Slar_t Range

_z_ uth Anqle

Elevation _ngle

Slant Range

Azi_,uth Angle

Elevation Angle

Slant Range

Azi uth Angle

Elevation _ngle

Slant Range

Azi' uth An_le

Elevation Angle

Slant Range

Azimuth Angle

Elevation Angle

Slant Range

Azimuth Angle

Elevation Annle

Slant RanQe

Azimuth Angle

Elevation Angle

Slant Range

Azi;_,uth Angle

Elevation Annle

Slant Range

13

12

13

28

2_

29

7%

33

31

26

29

2_

33

29

34

19

21

20

43

44

46

35

32

0.007 de9

0.015 deg

4 m (13 ft)

0.021 deo

0.004 deo

7 m (23 ft)

0.002 deo

0.003 deg

5 m (16 ft)

0.006 deg

O.Oll deg

9 m (30 ft)

0.002 deg

0.012 deQ

9 m (30 ft)

0.014 deq

0.008 deg

21 m (69 ft)

0.004 de9

0.010 deg

6 m (20 ft)

0.0ii deg

0.003 deq

20 m (66 ft)

0.027 deg

0.009 deg

II m (36 ft)
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SECTION 5

SPENT STAGE TRAJECTORIES

5.1 S-IC SPENT STAGE TRAJECTORY

Postflight predictions of earth surface impact parameters for
the spent S-IC stage were computed using a mass point trajec-
tory simulation computer program. S-IC postflight burnout
position and velocity data were combined with nominal main
propulsion system decay performance and nominal retro-rocket
performance to initialize the simulation program.

Three separate theoretical trajectories were computed for the
spent S-IC stage. These three trajectories represent the fol-
lowing booster atmospheric entry conditions:

a ,

b.
C.

Zero degree angle-of-attack entry
Ninety degree angle-of-attack entry
Tumbling entry

The tumbling booster case is considered to define actual case
impact conditions although no tracking coverage was available
for confirmation.

Results of the three computed S-IC spent stage trajectories
are summarized in Table 5-I. The ground track is shown in
Figure 5-I. The S-IC stage trajectory is given in both metric
and English units in Tables B-XlII and C-XIII respectively.

5.2 S-II SPENT STAGE TRAJECTORY

Three separate theoretical trajectories, corresponding to the
zero-degree, ninety-degree, and tumbling-case trajectories
computed for the S-IC stage, were computed for the spent S-II
stage.

The computed results, assuming a tumbling stage, were con-
sidered to define stage impact conditions since no tracking
coverage of the spent S-II stage was available.

Results of the three computed S-II spent-stage trajectories
are summarized in Table 5-11. The ground track is shown in
Figure 5-I. The S-II stage trajectory is given in both metric
and English units in Tables B-XIV and C-XIV respectively.
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TABLE 5-I. S-IC SPENT STAGEIMPACT TRAJECTORY PARAMETERS

EVENT

Impact: Tumbling Case

Impact: 0 ° Angle-of-
Attack

Impact: 90 ° Angle-of-
Attack

!Apex: Tumbling Case

PARAMETER VALUE

Range Time, sec

Latitude, deg N

Longitude, deg

Surface Range,

(n

E

km

mi)

Range Time, sec

Latitude, deg N

Longitude, deg

Surface Range,
(n

E

km
mi)

Range Time, sec

Latitude, deg N

Longitude, deg E

Surface Range, km
(n mi)

Range Time, sec

Altitude, km
(n mi)

Surface Range, km
(n mi)

536.44

30.18

-74.24

641.97
(346.64)

496.47

30.20

-74.14

652.05
(352.08)

570.28

30.17

-74.31

634.89
(342.81)

266.03

109.70
(59.23)

319.22
(172.37)
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TABLE 5-11. S-II SPENT STAGE IMPACT TRAJECTORYPARAMETERS

EVENT

Impact: Tumbling Case

Impact: 0° Angle-of-
Attack

Impact: 90 ° Angle-of-
Attack

Apex: Tumbling Case

PARAMETER

Range Time, sec

Latitude, deg N

Longitude, deg

Surface Range,
(n

E

km
mi)

Range Time, sec

Latitude, deg N

Longitude, deg

Surface Range,
(n

E

km
mi)

Range Time, sec

Latitude, deg N

Longitude, deg

Surface Range,
(n

Range Time, sec

Altitude, km
(n mi)

Surface Range, km
(n mi)

E

km
mi)

VALUE

1,225.35

31.46

-34.04

4,469.24
(2,413.20)

1 ,191 .58

31 .42

-33.78

4,494.70
(2,426.94)

1,264.31

31 .50

-34.31

4,443.11
(2,399.09)

593.58

189.83
(102.50)

1,900.81
(1,026.36)
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APPENDIX A

DEFINITIONS OF TRAJECTORYSYMBOLSAND COORDINATESYSTEMS

SYMBOL DEFINITION

XE, YE, ZE
DXE, DYE, DZE
DDXE, DDYE, DDZE

Position, velocity and acceleration
components of vehicle center of gravity
in Earth-Fixed Launch Site Coordinate
System. The origin of this system is
at the intersection of Fischer Ellipsoid
(1960) and the normal to it which passes
through the launch site. The X axis
coincides with the ellipsoid normal
passing through the site, positive up-
ward. The Z axis is parallel to the
earth-fixed flight azimuth, defined at
guidance reference release time, and is
positive down range. The Y axis com-
pletes a right-handed system. This
coordinate system is identical to
Standard Coordinate System I0 of Project
Apollo Coordinate System Standards,
abbreviated as PACSSIO.

XS, YS, ZS
DXS, DYS, DZS
DDXS, DDYS, DDZS

GC DIST
GC LAT
GD LAT
LONG

Position, velocity, and acceleration
components of vehicle center of gravity
in Launch Vehicle Navigation Coordinate
System. The origin of this system is at
the center of the earth. The X axis is
parallel to Fischer Ellipsoid normal
through the launch site, positive upward.
The Z axis is parallel to the flight
azimuth, positive downrange. The Y axis
completes a right-handed system. The
direction of the coordinate axes remains
fixed in space at guidance reference
release. This coordinate system is
identical to Standard Coordinate System
13 of Project Apollo Coordinate System
Standards, abbreviated as PACSSI3.

Position components of vehicle center of
gravity in Geographic Polar Coordinate
System. Position in this system is de-
fined by the geocentric distance (GC
DIST), geocentric latitude (GC LAT),
geodetic latitude (GD LAT), and longi-
tude (LONG). Geocentric distance is the
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SYMBOL

EF VEL
VEL-AZ
VEL-EL

SF VEL
FLT-PATH
HEAD

APPENDIX A (Continued)

DEFINITION

distance from the geocenter to vehicle center
of gravity. Geocentric latitude is the angle
between the radius vector of the subvehicle
point and the equatorial plane, positive north
of the equatorial plane. Geodetic latitude
is the angle between the normal to the Fischer
Ellipsoid through the subvehicle point and
the equatorial plane, positive north of the
equatorial plane. Longitude is the angle
between the projection of the radius vector
into the equatorial plane and the Greenwich
meridian, positive east of the Greenwich
meridian. This coordinate system is identical
to Standard Coordinate System 1 of Project
Apollo Coordinate System Standards, abbrevi-
ated as PACSSI.

Earth-fixed velocity of vehicle center of
gravity in Geographic Polar Coordinate System.
Velocity in this system is given in terms of
azimuth (VEL-AZ), elevation (VEL-EL), and
magnitude of the velocity vector (EF VEL).
Azimuth is the angle between the projection
of the velocity vector into the local hori-
zontal plane and the north direction in this
plane, positive east of north. Elevation is
the angle between the velocity vector and the
local horizontal plane, positive above the
horizontal plane. This coordinate system is
identical to Standard Coordinate System 1 of
Project Apollo Coordinate System Standards,
abbreviated as PACSSI.

Space-fixed velocity of vehicle center of
gravity in Geographic Polar Coordinate System.
Velocity in this system is given in terms of
heading angle (HEAD), flight path angle (FLT-
PATH), and magnitude of velocity vector (SF
VEL). Heading angle is the angle between the
projection of the velocity vector into the
local horizontal plane and the north direction
in this plane, positive east of north. Flight
path angle is the angle between the velocity
vector and the local horizontal plane, posi-
tive above the horizontal plane. This coordi-
nate system is identical to Standard Coordinate
System 1 of Project Apollo Coordinate System
Standards, abbreviated as PACSSI.
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SYMBOL

ALTITUDE

RANGE

TIME

APPENDIX A (Continued)

DEFINITION

Perpendicular distance from vehicle center
of gravity to Fischer Ellipsoid, positive
above Fischer Ellipsoid.

Surface range measured along Fischer Ellip-
soid from the launch site to the subvehicle
point.

Range time, referenced to nearest integer
second before IU umbilical disconnect.
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APPENDIX B

TIME HISTORY OF TRAJECTORY PARAMETERS - METRIC UNITS

The postflight trajectory, from guidance reference release to
27,950 seconds is tabulated in metric units in Tables B-I
through B-XIV.

Table B-I gives the earth-fixed launch site position, velocity,

and acceleration components for the ascent phase of the flight.

Table B-II gives the launch vehicle navigation position,
velocity, and acceleration components for the ascent phase
of the flight.

Table B-Ill gives the geographic polar coordinates for the

ascent phase of flight.

Table B-IV gives the geographic polar coordinates for the
parking orbit phase of flight.

Table B-V gives the earth-fixed launch site position, velocity,
and acceleration components for the second burn phase of the
flight.

Table B-VI gives the launch vehicle navigation position,
velocity, and acceleration components for the second burn
phase of flight.

Table B-VII gives the geographic polar coordinates for the

second burn phase of flight.

Table B-VIII gives the geographic polar coordinates for the

intermediate orbit phase of flight.

Table B-IX gives the earth-fixed launch site position,
velocity, and acceleration components for the third burn phase
of flight.

Table B-X gives the launch vehicle navigation position,
velocity, and acceleration components for the third burn
phase of flight.

Table B-Xl gives the geographic polar coordinates for the

third burn phase of flight.

Table B-Xll gives the geographic polar coordinates for the
escape orbit phase of flight.

Table B-XlII gives the trajectory parameters for the S-IC
spent stage.

Table B-XlV gives the trajectory parameters for the S-II
spent stage.
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APPENDIX C

TIME HISTORY OF TRAJECTORYPARAMETERS- ENGLISH UNITS

The postflight trajectory, from guidance reference release to
27,950 seconds is tabulated in English units in Tables C-I
through C-XIV.

Table C-I gives the earth-fixed launch site position, velocity,
and acceleration components for the ascent phase of flight.

Table C-II gives the launch vehicle navigation position, ve-
locity, and acceleration components for the ascent phase of
flight.

Table C-Ill gives the geographic polar coordinates for the
ascent phase of flight.

Table C-IV gives the geographic polar coordinates for the
parking orbit phase of flight.

Table C-V gives the earth-fixed launch site position, velocity,
and acceleration components for the second burn phase of
flight.

Table C-VI gives the launch vehicle navigation position,
velocity, and acceleration components for the second burn
phase of flight.

Table C-VII gives the geographic polar coordinates for the
second burn phase of flight.

Table C-Vlll gives the geographic polar coordinates for the
intermediate orbit phase of flight.

Table C-IX gives the earth-fixed launch site position, velocity,
and acceleration components for the third burn phase of flight.

Table C-X gives the launch vehicle navigation position, veloc-
ity, and acceleration components for the third burn phase of
flight.

Table C-XI gives the geographic polar coordinates for the
third burn phase of flight.

Table C-Xll gives the geographic polar coordinates for the
escape orbit phase of flight.

Table C-XIII gives the trajectory parameters for the S-IC
spent stage.

Table C-XIV gives the trajectory parameters for the S-ll spent

stage.
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